Objectives: Lung adenocarcinoma in never-smokers accounts for 15-20% of all lung cancer. Although targetable mutations are more prevalent in these tumors, the biological and clinical importance of coexisting and/or mutually exclusive abnormalities is just emerging. This study evaluates the relationships between common genetic and epigenetic aberrations in these tumors.
Introduction
Lung cancer is the leading cause of cancer morbidity and mortality worldwide [1, 2] . Although smoking remains the major cause of lung cancer, the percentage of never-smokers diagnosed with the disease is increasing. This together with the fact that never-smokers often develop lung adenocarcinoma has contributed to a shift in lung cancer histology. Lung adenocarcinoma has now surpassed squamous cell carcinoma, which is more commonly diagnosed among smokers, to become the most common type of all lung cancer subtypes. Currently, lung adenocarcinoma from never-smokers alone accounts for 15-20% of all lung cancer cases [3] [4] [5] . This is also clinically relevant because many of the currently targetable genetic abnormalities such as epidermal growth factor receptor (EGFR) mutations and translocation of the anaplastic lymphoma receptor kinase (ALK) are more prevalent among lung adenocarcinoma cases from never-smokers [6] . Due to the striking efficacy of tyrosine kinase inhibitors (TKIs) targeting the activated oncogenes, patients with these mutations are highly responsive to therapy and show better survival [7] [8] [9] [10] [11] . In contrast, the frequency of non-actionable mutations such as Kirsten rat sarcoma viral oncogene (KRAS) is higher in lung adenocarcinomas from smokers and co-mutation of KRAS together with a targetable mutation is often associated with resistance to the TKIs. As a result, never-smoker lung adenocarcinoma patients often benefit the most from molecular profiling and targeted therapy compared to other subgroups of nonsmall-cell lung cancer (NSCLC). In addition, the presence of targetable mutations in lung cancer and response to TKIs are also strongly associated with female sex and East Asian ancestry [3, 4] .
The importance of mutation screening to identify molecular targets when selecting treatment regimens is now well established [11] [12] [13] and, tests for EGFR mutations [14, 15] and the ALK fusion gene [16, 17] are part of the standard clinical practice in many countries [18] [19] [20] . Thus, as drugs targeting several other cancer-driver genes [21] are entering the market, clearly understanding the presence and impact of driver mutations to the sensitivity or resistance of specific anticancer agents is critically important. As the number of targetable genetic abnormalities increases and the technology to detect them continues to advance, the number of patients identified with these molecular changes also continues to rise substantially [22] . Cancer-driver mutations are generally considered to be independent of one another and in NSCLC they are often mutually exclusive [23] . However, with the advent of next-generation sequencing (NGS)-based diagnostics, more recent studies have started to show that co-existence of driver mutations is not uncommon. A recent study demonstrated approximately 12% of non-squamous NSCLC have concomitant driver mutations [24] . Coexistence of driver mutations is also clinically relevant because it provides targets for additional or combination therapy and may help to pre-identify potential sensitivity or resistance to a particular type of targeted therapy. For example, detection of KRAS mutation in an EGFR mutant lung cancer is a well-established indicator of resistant to EGFR TKIs. Similarly, MET activation in EGFR mutant lung cancer also indicates resistance to Gefitinib [25] . In contrast, coexistence PIK3CA with EGFR or ALK fusion indicates responsiveness to TKIs targeting EGFR as well as ALK [24] . Concomitant EGFR mutation and ALK fusion in a tumor was recently linked to long-lasting response both to EGFR inhibitor therapy and then ALK inhibitor therapy once the tumor progressed [26] . Furthermore, the discovery of TKIs such as Entrectinib that can effectively target multiple tyrosine kinases with proven tolerability and effectiveness in solid tumors harboring NTRK1/2/3, ROS1, or ALK gene fusions suggests that tumors with concomitant activation of multiple tyrosine kinases likely show increased sensitivity to such multi-targeting TKIs [27] .
Epigenetic modification, particularly aberrant methylation of cancer-related genes, is one of the most common abnormalities that coexists with driver mutations in lung tumors and modifies the biology and sensitivity/resistance of tumors to various therapeutic agents. A combined analysis of RNA-seq, DNA-seq, and whole genome methylation of lung adenocarcinoma by the Cancer Genome Atlas (TCGA) project revealed association of some driver mutations to methylation of specific genes or a CpG island methylator phenotype (CIMP) that covers multiple genes [28] . For instance, tumors with CDKN2A methylation have overall fewer mutations but were significantly enriched for SETD2 mutation, while MYC overexpression was significantly associated with CIMP-high phenotype. Interestingly, SETD2 along with SMARCA4 and ARID1A are some of the epigenetic regulators that are commonly mutated in lung adenocarcinoma and show cancer-driver properties [29] . Tiedemann et al. recently confirmed that SETD2 mutations drive tumorigenesis by coordinated disruption of the epigenome and transcriptome [30] . Other studies compared the relationship between EGFR mutation in lung cancer with methylation of selected tumorsuppressor genes including CHFR, CDKN2A, SPARC, RASSF1A and RNUNX3 and showed that methylation of these genes is inversely related to EGFR mutation [31] [32] [33] .
Taken together, these findings suggest that epigenetic silencing of tumor-suppressor genes in lung cancer appears to function in supporting or as an alternative to oncogenic signaling mediated by some cancer-driver mutations. Thus, clearly understanding the relationship between these genetic and epigenetic abnormalities along with environmental and demographic factors that may modulate the interaction will help to optimize molecular screening and support selection of the most favorable and cost-effective therapeutic options for each patient. As recently demonstrated for AML, defining the genetic and epigenetic changes of a tumor allows selective combination of epigenetic therapy to reverse aberrantly silenced growth-regulatory genes and increase the efficacy of anti-cancer agents including TKIs [34] .
In this study, a large number of well-annotated lung adenocarcinoma samples from neversmokers were screened using targeted NGS for 20 genes. These genes were selected because they are more commonly mutated in lung cancer and are recently nominated as drivers of lung cancer by two high-impact publications [28, 29] , The majority of published data regarding cancer-driver mutation in lung adenocarcinoma from never-smokers is based on patients of East Asian origin. Thus, our data, which is based on one of the largest number of lung adenocarcinoma cases from never-smokers in the US, was used to compare the frequencies of specific driver mutations between the two ethnic/geographic populations. Furthermore, the DNA methylation profile of CpG islands across the promoter regions of multiple cancer-related genes has been previously determined for the majority of tumors evaluated in this study [35] [36] [37] [38] [39] , The relationship between the 20 cancer-driver mutations and the methylation profile of 59 genes (Table S1), including some key genes in the TCGA CIMP analysis, was evaluated.
Materials and Methods

Study population
Fresh frozen lung tumors from curative intent resection of 112 never-smoker lung adenocarcinoma patients between 1992 and 2007 were obtained from the tumor banks at the University of New Mexico (UNM), Johns Hopkins, and the Mayo Clinic. Never-smokers were defined as patients who have never smoked or smoked less than 100 cigarettes in their life time. Distant normal lung tissue obtained from the most distant site of the resected lobe was available for a subset of these cases. Normal human bronchial epithelial cells (NHBEC) collected from cancer-free smokers (n = 10) at the UNM through diagnostic bronchoscopy [40] and peripheral blood mononuclear cells (PBMC) obtained from healthy blood donors (free of clinically evident diseases, n = 10) were used as normal control. All samples were obtained with written informed consent from patients, and the study was approved by the institutes' Ethics Committees. Demographic and clinico-pathological characteristics of patients whose tumors were used for targeted sequencing in this study and for the DNA methylation analysis in the previous studies [35] [36] [37] [38] [39] are described in Table 1 .
DNA extraction and Methylation analysis
DNA was extracted and quantified as described [36] and the methods used for DNA modification and methylation analysis are described [35] [36] [37] [38] [39] , Briefly, high molecular weight DNA was isolated using a standard phenol-chloroform extraction method and modified using the EZ DNA Methylation-Gold KitTM (ZYMO Research) as described by the manufacturer. The semi-quantitative combined bisulfite modification and restriction analysis (CoBRA) and the qualitative methylation-specific PCR (MSP) assays were used to determine the methylation status of all 59 genes. The primers and PCR conditions used for each gene are described in detail [35] [36] [37] [38] [39] . The CoBRA primers were designed to amplify promoter CpG island regions with multiple BstU1 enzyme recognition sites (CGCG) regardless of the methylation status. The PCR products were then digested with BstU1 enzyme and methylation status was determined semi-quantitatively based on the level of digestion into smaller fragments, which indicates that methylation of the CGCG sites prevented modification into TGTG. The CoBRA results were then used to optimize the primers for the highly sensitivity MSP assay that amplifies only the methylated or unmethylated DNA based on the use of primers that are specific to methylated or unmethylated DNA, respectively. The methylation data generated from lung tumors using this highly sensitive MSP assay was used for comparisons with driver mutations.
Genetic analysis
Targeted NGS was applied to screen a panel of 20 genes selected based on two recent publications that 1) identified frequent mutation of these genes in lung adenocarcinoma and 2) nominated the genes as drivers of lung adenocarcinoma because of the cancer-driver properties of the mutations [29, 41] , Mutation analysis was performed at the Emory Integrated Genomics Core and Biostatistics and Bioinformatics Shared resource of Winship Cancer Institute of Emory University using a combination of multiple mutation assays each as described in detail [42, 43] , These assays include the SNaPshot (Life Technologies, Grand Island, NY) multiplex PCR with single base primer extension, [44] the TruSight (lllumina Inc, San Diego, CA) tumor target amplicon-based library preparation kit, the HaloPlex Cancer NGS (Agilent Technologies, Santa Clara, CA), and the Fluidigm 48.48 Access Array custom designed for lung adenocarcinoma related mutations as described [43] , DNA samples from lung adenocarcinoma tumor-normal pairs were used for the different sample preparations (SNaPshot, TruSight tumor, Access Array, and HaloPlex probe capture libraries) and NGS was completed using the lllumina MiSeq as described [42, 43] , Sequence alignment, index and primer trimming, and variant calls were performed using onboard MiSeq software. FASTQ files were analyzed and variants were detected using the various manufacturers' recommended software as described in detail [43] ,
Statistical analysis
Gene mutation, methylation, and patient characteristics including age, race, sex, stage of lung cancer, survival, and status (alive or dead) were summarized with mean and standard deviation for continuous variables and proportions for categorical variables. The association between mutation and methylation as well as mutation and patient characteristics was assessed using two-sided Fisher's exact test. Proportional hazards models were used to examine each gene with adjustment for patient characteristics. Missing data were censored for all comparative analysis. Survival time was calculated from time of diagnosis until death or last follow-up. The effects of variables including the presence of 0, 1, or ≥ 2 mutant genes on survival were assessed with Kaplan-Meier estimator and the log-rank test. All analyses were conducted in SAS 9.4.
Results
Cancer-driver mutations in lung adenocarcinoma from never-smokers
Targeted NGS was applied to screen a panel of 20 genes using DNA from 112 fresh frozen lung adenocarcinoma samples obtained from never-smokers. Although only the nonsynonymous mutations were included in the analysis for this study, all mutations detected across the 11 oncogenes and 9 tumor suppressor genes (TSGs) are shown in Table  S2 . EGFR mutation was detected in 40.2% (45/112) of the cases representing by far the most prevalent genetic abnormality ( Fig. 1A) . Nearly half of the EGFR mutant tumors had missense (22/45) or inframe (22/45) mutations while one tumor had a truncating mutation. TP53 showed the second most frequent mutation at 17.9% (20/ 2) followed by SETD2 and SMARCA4 (both 10.7%), MET (6.3%), KRAS and NF1 (both 5.4%). The co-mutation plot also revealed that over half of the EGFR mutant tumors (23/45) had at least one additional driver mutation (Fig. 1A) . The most common co-mutations found in the EGFR mutant (Fig. 1B) . The median overall survival of patients with 0, 1, and ≥ 2 mutant genes was 54, 48, and 39 months from time of diagnosis, respectively, and was not significantly different between the three groups or from the 48 months median survival for all 112 patients. Similarly, none of the individual mutant genes significantly changed the overall survival. However, one tumor, (Fig. 1A , the 3 rd sample), had by far the most complex genetic abnormality compared to the remaining samples with 8 of the 20 driver genes including CDKN2A, EGFR, ERBB2, NF1, PTEN, SETD2, STK11, and TP53, found to be mutated. The survival of this patient, who died 28 months after surgery, was 20 and 11 months shorter than the median survival for all patients and those with co-mutations of 2 or more genes, respectively.
The potential differences in the mutation and co-mutation patterns of the 20 cancer driver genes based on their oncogenic or tumor suppresser functions was also investigated by evaluating the oncogenes and TSGs separately. Considering only the 11 oncogenes, 50 (44.6%), 54 (48.2%), and 8 (7.1%) tumors had mutation of 0, 1, or≥ 2 genes, respectively (Table 2) . Similarly, evaluation of the 9 TSGs alone showed that 65 (58.0%), 38 (33.9%), and 9 (8.0%) tumors had mutation of 0, 1, or ≥ 2 genes, respectively. Interestingly, among the 34 tumors that contain > 2 mutant genes out of 20, 28 (82.4%) had co-mutations of at least one oncogene and one TSG (O/T). In contrast, 8 (23.5%) and 9 (26.5%) tumors had comutations of ≥ 2 oncogenes (O/O) or ≥ 2 TSGs (T/T), respectively, for a total of 17 tumors (50%) with either O/O or T/T co-mutation. This indicates a significantly higher (p < 0.01) co-mutation between an oncogene and a TSG and could be biologically relevant as it may indicate that the cooperation between oncogenic and TSG abnormalities are more common and/or more successful in driving tumorigenesis than co-mutations of oncogenes or TSGs ( Table 2 ).
Association of mutations with clinico-pathological features, demography, and smoking
Some clinically relevant cancer-driver mutations in lung cancer show strong association with specific clinico-pathological features of the tumor as well as the demography and/or smoking history of the patient. For example, EGFR mutation is significantly more prevalent in female never-smoker adenocarcinoma patients of East Asian ancestry [3, 4] , However, there is a strong association between these variables as female patients are more frequently never-smokers than male patients while never-smokers more often develop adenocarcinoma compared to smokers. Thus, to better understand these associations, the relationship between the variables and driver mutations within our study that exclusively used lung adenocarcinomas from never-smokers, as well as our data with previous related publications were compared. Evaluation of EGFR mutation based on the sex of never-smoker lung adenocarcinoma patients revealed that the prevalence for EGFR mutation between male (7/19, 37%) and female (38/93, 41%) patients was similar (p = 0.745). The frequency of mutations in smoker and never-smoker lung adenocarcinoma cases among US based patients 
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Author Manuscript were also compared using our results and data from the TCGA and Imielinski et al. studies [29, 41] , Although the two studies evaluated lung adenocarcinoma from a large number of smokers (n = 181 and 135), the number of tumors from never-smokers (n = 32 and 27, respectively) was quite small. As shown in Table S3 for the TCGA data, the prevalence for ALK fusion and mutations of BRAF, EGFR, KRAS, NF1, and TP53 were significantly different between lung tumors from smokers and never-smokers. While BRAF, KRAS, NF1, and TP53 mutations were significantly more prevalent in smokers compared to neversmokers, ALK fusion and EGFR mutation were more common in lung tumors from neversmokers than smokers (p < 0.05). With the exception of ALK fusion (not performed in our study) and ERBB2, all other significant (or borderline for KRAS) differences in the TCGA data were confirmed in the larger sample size in our study (Table S3 ). The study by Imielinski et al. also showed similar results for the 11 mutations that are common with our and TCGA studies. Because of the similar findings in the three studies, a combined analysis was performed for the 11 genes commonly evaluated. The results revealed that BRAF, KEAP1, KRAS, NF1, SKT11, and TP53 mutations were significantly more prevalent in lung adenocarcinomas from smokers (n = 316) than never-smokers (n = 171) whereas EGFR mutation was significantly more prevalent in never-smokers than smokers ( Table 3 ). The differences in the prevalence for PIK3CA, PTEN, SETD2, and SMARCA4 mutations between lung adenocarcinomas from smokers and never-smokers were not statistically significant.
Mutations and promoter methylation of cancer-related genes in lung adenocarcinoma
The methylation profile of CpG islands across the promoter regions of multiple cancerrelated genes [35] [36] [37] [38] [39] has been defined for the majority (75/112) of lung adenocarcinomas evaluated by targeted sequencing. Of these, 59 genes whose promoter CpG islands were not methylated in normal lung or peripheral blood mononuclear cells (PBMCs) but aberrantly methylated in lung tumors at frequencies between 20 and 80% were selected and their relationship with the driver mutations was compared. The most striking association between aberrant methylation and driver mutation that follows a similar pattern across multiple genes was seen for EGFR mutation. Out of 15 differentially methylated genes that showed discernable methylation differences based on EGFR mutation status, 14 were more commonly methylated in EGFR wildtype compared to mutant tumors ( Table 4 ). The CpG islands across the promoters of 7 of these genes showed significantly more prevalent methylation in the EGFR wildtype tumors than EGFR mutant tumors (p < 0.05) while 7 additional genes were more frequently methylated in the EGFR wildtype than mutant tumors at a statistically borderline significance (p < 0.062). Only one gene (TOX3) showed significantly more frequent promoter methylation in EGFR mutant compared to wildtype tumors ( Table 4 ). For the remaining 19 sequenced genes, the number of mutant tumors with methylation data was 12 (TP53), 11 (SMARCA4), 9 (SETD2), or lower (all others), that was too small to rationally compare the relationship between mutation and methylation.
The publicly available quantitative genome-wide methylation data generated by The Cancer Genome Atlas (TOGA) project using the HumanMethylation450 beadchip and mutation data generated using exome sequencing were used for validation of our findings. Out of the lung 
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Author Manuscript adenocarcinoma samples evaluated both for methylation and mutation in the TOGA database, 53 samples were from never smokers and include 38 EGFR wildtype and 15 EGFR mutant samples. For comparisons of the quantitative methylation data from TOGA, only probes interrogating the methylation status of CpGs within the promoter CpG islands of the candidate genes were used. The summary statistics comparing the quantitative methylation data of the 15 differentially methylated genes identified above (Table 4) with EGFR mutation status and the number of probes used for the analysis of each gene are shown in Table S4 . The HumanMethylation450 beadchip measures methylation levels in beta-values (β-values) that ranges from 0 (0% methylation) to 1 (100% methylation).
Despite the small number of EGFR mutant samples (n = 15), 6 of the 15 genes showed significantly higher methylation among the EGFR wildtype tumors (Table S4 ). This shows clear and independent validation of our findings shown in Table 4 .
Discussion
This study investigated the genetic and epigenetic abnormalities of large number of cancerrelated genes in lung tumors from never-smokers. Targeted sequencing was used to screen mutation of 20 clinically relevant lung cancer-driver genes using one of the largest wellannotated sets of lung adenocarcinoma samples from never-smokers in the US. Evaluation of the relationships between the most frequent mutations and aberrant promoter methylation of 59 genes in these tumors identified a novel epigenetic pattern based on EGFR mutation. EGFR mutations, primarily inframe and missense type, were by far the most prevalent nonsynonymous genetic abnormality detected in over 40% of lung adenocarcinoma from never-smokers. Contrary to the common perception that tumors with one cancer-driver mutation rarely have another driver mutation [23] , more than half of the EGFR mutant tumors (23/45) also have co-mutation of at least one other driver gene. TP53, SETD2, and SMARCA4 genes were more frequently co-mutated with EGFR at 22%, 16%, and 13% of the tumors, respectively. However, in agreement with previous observations of mutual exclusion, only 1/6 (KRAS), 1/4 (ERBB2), 2/6 (NF1) and 0/2 BRAF mutations were found in the EGFR mutant tumors. Interestingly, EGFR wildtype tumors show significantly more frequent aberrant promoter methylation of multiple cancer-related genes compared to the EGFR mutant tumors. This suggests that in the absence of the major cancer driving oncogenic signaling of mutant EGFR, lung tumors in never-smokers develop through epigenetic silencing of multiple important tumor-suppressor genes. As the presence or absence of additional genetic and/or epigenetic abnormalities in EGFR mutant tumors modulate the biology and/or sensitivity to anti-EGFR therapy, clearly defining the relationship between these abnormalities will contribute to further optimization of targeted therapy. The high prevalence of co-mutations and the unique epigenetic profile based on EGFR mutation shown in this study indicates that an improved understanding of the relationship could benefit a large number of lung adenocarcinoma cases from never-smokers than previously estimated.
Cancer-driver mutations are generally considered mutually exclusive and tumors with one driver mutation rarely have a second driver mutation. The fact that some well-known mutations such as EGFR and KRAS are often mutually exclusive and the logical explanation that tumors with a major driver mutation may gain little growth advantage by having another driver mutation likely led to the wider acceptance of this school of thought. However, in part due to the increase in the number of mutations that are considered drivers and expansion of targeted and genome/exome/transcriptome-wide sequencing of primary tumors, co-existence of driver mutations is increasingly reported. Yet, whether these mutations co-exist within the same cancer cells or are present in different cellular clones within a tumor is not clearly defined. Nevertheless, the potential interaction between pathways regulated by these mutant genes and the observations that some co-mutations modify the sensitively or resistance of drugs targeting one of the mutations indicates their clinical relevance. The discovery of comutations in more than 30% of the tumors in our study further indicates that such genetic abnormalities are more frequent than previously expected. Thus, careful evaluation of their associations and impact on tumor biology and targeted therapy could benefit a large number of lung cancer patients.
Previous studies that screened cancer-driver mutations in lung adenocarcinomas from neversmokers documented that EGFR mutation is the most prevalent genetic abnormality present in 50 to 65% of the cases [45] [46] [47] . However, these reports are largely based on East Asian patients. Thus, the prevalence for EGFR and other mutations that are more common among never-smokers and may differ based on race or geographical location of these patients is not well defined. Some recent publications evaluated driver mutations in lung adenocarcinomas using US based patients and reported a slightly lower prevalence for EGFR mutation (~40%) [28, 29] . However, because of the few number of never-smokers evaluated in these studies (~30 cases per study), the currently available data is not sufficient to make conclusive determination regarding the racial/geographical differences in lung cancer-driver mutations. Thus, this study screened the most common and clinically relevant cancer-driver mutations using one of the largest number lung adenocarcinoma cases from never-smokers in the US. Our mutation data largely validated the previous reports and the combined analysis of the studies confirmed that EGFR mutation in US never-smoker lung adenocarcinoma patients is less frequent than similar patients of East Asian origin.
Aberrant promoter CpG island methylation of tumor-suppressor genes is one of the most common abnormalities in cancer. Our group has published multiple papers describing promoter hypermethylation mediated silencing of multiple genes in lung cancer from smokers and never-smokers [35] [36] [37] [38] [39] . In this study, the relationship between the most common driver mutations and methylation of 59 genes that were methylated in 20 to 80% of lung adenocarcinomas from never-smokers were compared. The most striking relationship between a driver mutation and epigenetic silencing of these genes was found for EGFR mutation. Fourteen of the 15 differentially methylated genes based on EGFR mutation were more commonly methylated in the EGFR wildtype tumors. The significantly higher methylation of six of these genes in the EGFR wildtype tumors was also independently validated using the publicly avalialbe quantitative methylation and exome sequencing data from TCGA. This suggests that in the absence of the EGFR activating mutations that drive over 40% of lung adenocarcinomas in never-smokers, EGFR wildtype tumors may develop through accumulation of epigenetic silencing of multiple tumor-suppressor genes. Complete loss of function (LOF) of critical tumor suppresser genes could result in failure to control cell proliferation or inability to induce cell death pathways and serve as an additional or alternative cancer promoting mechanism. Inactivation of both alleles of tumor suppresser genes leading to such total LOF is often described as the "Knudson's two-hit model" and the two alleles could be both hit (inactivated) by genetic, epigenetic or the combination of the two abnormalities inactivating one allele each [48, 49] ,
Our observation that EGFR wildtype tumors may develop through epigenetic repression of tumor-suppressor genes is also supported by multiple previous publications. Koga 22 were from non-smokers. Thus, to control the impact of smoking and tumor histology that are strongly associated with EGFR mutation, the higher methylation rate of the four genes in EGFR mutant tumors needs to be validated exclusively in adenocarcinomas from never-smokers. Taken together, these findings support the premise that tumors that lack the cancer-driver role of EGFR mutations develop through epigenetic silencing of multiple cancer-related genes and could be more sensitive to epigenetic therapy. Despite previous publication reporting similar trends using methylation of different genes, additional studies are required to independently validate and clearly define the inverse relationship between methylation of tumor-suppressor genes and EGFR mutation in lung adenocarcinoma.
Highlights
• Lung adenocarcinoma in never smokers is a growing health concern in many countries.
• Some targetable cancer driver mutations like EGFR are more common in these tumors.
• Mutation of 20 cancer driver genes was screened in 112 of these tumors.
•
The association between mutations and 59 aberrantly methylated genes was studied.
• EGFR mutation is the most prevalent found in 40% of these tumors.
Methylation of many genes is significantly more common in EGFR wild type tumors. 
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Author Manuscript A) DNA from fresh frozen lung adenocarcinoma samples of 112 never-smokers (arranged 1 to 112 left to right) was evaluated using targeted DNA sequencing of 20 cancer-driver genes. The presence or absence and type of nonsynonymous mutation detected in 19 of the genes are displayed, no nonsynonymous mutation was found for ALK. The prevalence for mutation of each gene is shown on the right side of the plot. B) Pie chart demonstrating the most common mutations with co-mutations shown only for the gene with the most frequent and clinically relevant mutation. 
